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本論文は、核融合炉や核分裂炉への適用を想定した SiC 長繊維強化型 SiC 基複合
材料（SiC/SiC 複合材料）と金属材料の接合法と、その機械・熱・微細組織特性を
研究したもので 7 章からなっている。 










































  The objective of this thesis is to research and to develop dissimilar joining 
technologies of SiC and metal materials for the application of fusion and fission 
reactors. This thesis consists of seven chapters. 
Chapter 1 introduces the backgrounds and motivation of this research. A 
SiC/SiC composite is expected to be applied to various fields in nuclear systems 
as a structural material because of its excellent properties. For the realization 
of the SiC/SiC composite based nuclear systems, dissimilar joining technologies 
of SiC/SiC composite with metal are very attractive. 
Chapter 2 introduced various joining technologies based on the published 
paper and book survey. In Chapter 2, the fusion and fission reactor materials, 
and their basic characters are also introduced. 
Chapter 3 describes the results of diffusion bonding research of W to SiC and 
SiC/SiC composites for the divertor system of fusion reactor in future. The 
interface was characterized using electro microscopies. Microstructural stability 
of the interface was investigated by the thermal exposure tests in vacuum. The 
exposure tests at temperature range from 800 to 1000 ºC for 200 h revealed that 
the W-SiC joints were not significantly modified. But the higher temperature 
exposure tests up to 1600 ºC, mechanical properties of the W-SiC joints became 
unstable after the exposure tests at 1500 ºC, and the joints were debonded after 
10 h exposure at 1600 ºC. These results indicated that the available temperature 
of W-SiC joints is limited, and the temperature of interface on W-SiC should be 
designed lower than 1000 ºC. 
Chapter 4 explains the thermal property characterization results of W-SiC 
joints. Materials used were tungsten and SiC/SiC plates and a diffusion bonded 
joint of tungsten and SiC/SiC composite. The thermal conductivity of them was 
measured by a laser flash method up to 500 ºC. The data analysis suggested that 
the thermal resistivity of the interface is an order magnitude higher the SiC/SiC 
composite. Based on the data, the finite element method analysis was performed 
and suggested that the surface and interface temperature of the joint will 
drastically enhanced if the interface has really high thermal resistivity.  
Chapter 5 is the results of plasma exposure tests at Large Helical Device 
(LHD). The exposure test introduces large thermal flux as same as the fusion 
reactor, and surface and interface modifications of W-SiC joints after the 
exposure tests were investigated. 
Chapter 6 is the research and developments of SiC/SiC composite with 
zircaloy aiming to apply to fission reactor in future. Brazing and laser welding 
methods were tested and investigated.  




































また、平成 29年 2月 2日実施した論文審査とそれに関連した試問の結果、合格
と認める。  
